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論文 内 容
要
巳
日
 Arelativelysimpleapproachtoreconstrucむcerebralvesselsas3Dnumericalgrids
isdescribed.Themetho(iaccuratelyduplicatestheirgeometrytoprovidecomputa.tional
replicas,aimingtostudyintracranialaneurysmalbloodflow.Initialimageswere
obtainedbyusingmedicalimagingtechnique,suchasMRangiography,CTang'iography,
or3Ddigitalsubtractionangiography.ThedatawerecollectedinDICOMformatand
convertedbyaDICOMreaderintoa3Dgray-scalerasLerimage.Theimageisthen
 processedbyusing『commerciεllvisualizationandmeshgenerationsoftware,which
 allowedextractionoftheluminalsurfaceofthebloo〔ivessel(byusingtheisosurfacing
 technique).ThesubsequentfinaloutputisLetrahe〔iralgrridthatcanbe〔iirectlyuse〔1for
 patient-specificsimulationsofbloodflow.Anangiographiccategol・izationofsaccular
 intracranialaneurysms(ANs)intothreecatego1・iesnamedSidewa11(SW),Sidewallwith
 BranchingVesse1(SWBV)andEndwa11(EW)ANsisdesignedaccordingto出eangio-
graphicpattemoftheirparentarteries.ComputationalFlowDynamicAnalysis(CFDA)
ofsimplemodelsrepresentingthethreeaneurysmalcategoriesaimingtoanalyzetheir
 geometryrelatedriskfacLorslikeneckwi〔ith,parentarterycurva七ureandanglulationof
 branchingvessels.Applica七ionoftheproposedcategoriesandtheCFDAon68
 aneurysmalgeometriesfromrealpatientsangiog・rams(45rupturedand23unruptured
 cases)hasbeendone.IntheCFDAstudiedcases,むhewallshearstress,bloodvelocity
 an(ipressuremapsareexaminedan(icorrela七edwithANsrupturedpoinむs.Statistical
analysisoftherupLure(icasesusingmultipleregressionanalysisrevealsasignificant
statisticalcorrelationbetweenalleurysmaldepthandbothllecksize(P<0,0001)and
caliberofdrainingarteries(P<0.0001).WiderneckANsorthosewithwidercaliberof
 〔ira.inersarefoun〔itobehighflowANsthattendtoruptureat1εlrgersize.Smaller
neckANsorthosewithsmallercaliberofdrainersarefoundtobelowflowANsthat
tendLoruptureatsmallersize.Aspectratio(depth/neck>L6)oftherupturedcasesis
foundtobelOO%intheSWandSWBVcategorieswhile28.75%intheEWANs.The
applicationofthestandardizedcategoriesenablesthecomparisonofresultsforvarious
ANsgeometriesthusassistingintheprocessofmanagementanddecision-making.The
proposedcaLegorizationmεlybepromisingtounderstandthenaturalhistoryofsaccular
intracranialANs.
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審査 結
果
の
要  b日
 Arelativelysimpleapp上・oachtoreconstructce1・ebralvesselsas3-Dimentionalnumerical
 gridsisdescribed.Themethodaccuratelyduplica七estheirgeometrytoprovidecomputa-
tionalreplicas,aimingtostudyintracranialaneurysmalbloodflow.Initialimageswere
obtainedbyusingmedicalimagingtechnique,suchasMagneticResonanceAngiography,
ComputerizedTomographyAngiography,or3-DimentionalDigitalSubtractionAngio-
graphy.ThedatawerecollectedinDICOMformatandconvertedbyaDICOMreaderilltoa
 3-Dimentionalgray-scalerasterimage.Theimageisthenprocesse〔ibyusingcomme1℃ial
visualizationandmeshgenerationsoftware,whichallowedextractionoftheIuminalsurface
 ofLhebloodvessel(byusingtheisosu1・facingむechnique).ThesubsequentfinalouLputis
 tetrahedralg・ridthatcanbedirectlyusedforpatient-specificsimulationsofbloodflow.An
 angiographiccaしeg『01・izaむionofsaccularinむracranialaneurysmsin七〇threecategoriesname〔i
 Sidewall,Si〔iewallwithBranchingVesselandEndwallaneurysmsis(iesigne〔iaccording・to
 theangiog・raphicpattemoftheirparenta1・teries.Compuむationalflowdynamicanalysisof
simplemodelsrepresentingthethreeaneurysmalcategoriesaimingtoanalyzetheir
 geometryrelatedriskfactorslikeneekwidth,parentarterycurvaturean〔iangulationof
branchingvessels.ApplicationoftheproposedcategoriesandtheComputationalflow
dynamicanalysisof68aneurysmalgeometriesfromrealpatientsangiograms(45ruptured
 and23um・upturedcases)hasbeendone.IntheComputationalflowdynamicanalyzed
 studie〔icases,thewallshearstress,bloodvelocityandpressuremapsareexaminedand
 correlatedwithaneurysma1-rupturedpoints.Statis七icalanalysisofむherupture〔icasesusing
multipleregressionanalysisrevealsasignificantstatisticalcorrelationbetweenaneurysmal
 depむhandbothnecksize(P<0.0001)andcaliberofdrainingarteries(Pく0.0001).Wjderneek
aneurysmsorthosewithwidercaliberofdrainersarefoundtobe“highflow"aneurysms
thattendtoruptureatlargerslze.Smallerneckaneurysmsorthosewithsmallercaliberof
drainersarefoundtobe``10wflow"aneurysmsthattendtoruptureatsmallersize.Aspect
 ratio(depth/neck>1.6)oftherupture〔icasesisfoundtobelOO%intheSidewallan〔i
 Sidewallwithbranchingvesselcategorieswhile28.75%intheEn〔iwallaneurysms.The
applicationofthestandεlrdizedcategoriesenablesthecomparisonofresultsforvarious
aneurysmalgeometriesthusassistingintheprocessofmanagementanddecision-making.
Theproposedcategorizationmaybepromisingtounderstandthenaturalhistoryofsaccular
intracranialaneurysms.
 よって,本論文は博士(医学)の学位論文として合格と認める。
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